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I. Introduction to Virtualization
Have you been wondering, what's all the buzz these days about Virtual Machines? 

Virtualization is the ability to run multiple virtual machines on a single piece of hardware. The hardware runs software which enables you to install multiple operating systems, running simultaneously and independently in their own secure environment, with minimal reduction in performance. Each virtual machine has its own virtual CPU, network interfaces, storage and operating system.

Oracle Virtual Machines is server virtualization software that allows a physical server to be partitioned into several virtual servers. Users can create and manage Virtual Machines (VMs) that exist on the same physical server but behave like independent physical servers. Users have a browser-based tool for creating, cloning, sharing, configuring, booting and migrating VMs. It runs on both x86 and x86-64-based systems, supporting both Linux and Windows as guest operating systems.

Oracle VM offers scalable, low-cost server virtualization supporting both Oracle and non-Oracle applications, consisting of open source server software and an integrated Web browser-based management console. Oracle VM provides an easy-to-use graphical interface for creating and managing virtual server pools, running on x86 and x86-64-based systems across your enterprise. Most Oracle products are now certified to run within Oracle VM's virtual machines. This includes the Oracle Database, Oracle Fusion Middleware, Oracle Applications and E-Business Suite. 

An Oracle VM Template is a virtual machine, or group of VMs containing a full software stack that is pre-installed, pre-configured and ready to use. Simply download and import a template into Oracle VM, then deploy the template as a virtual machine in order to use the pre-configured software. This eliminates the steps of installing, patching, and configuring complex software. Oracle VM Templates support both Oracle and non-Oracle applications, and can be built by anyone.

Oracle's virtualization is comprised of two components: the hypervisor, Oracle VM Server (based on the Linux Xen kernel) and the management console, Oracle VM Manager.

Some of the more interesting features of Oracle VM:

· Hypervisor technology (based on Xen) that installs directly on the empty hardware (bare metal)

· Can run several Windows and Linux instances on a physical server

· Move virtual machine from one physical host to another without the application going down

· Manage pools of virtual servers across grids of hardware

· Integrated Web browser-based management console

With increased server provisioning in the datacenters, several factors play a role in suppressing growth. Increased power and cooling costs, physical space constraints, man power and interconnection complexity all contribute to the cost and feasibility of expansion.

Commodity hardware manufacturers have begun to address some of these concerns by shifting their design goals. Rather than focus solely on raw gigahertz performance, manufacturers have enhanced the feature sets of CPUs and chip sets to include lower wattage CPUs, multiple cores per CPU, advanced power management and a range of virtualization features. 
By employing appropriate software to enable these features, several advantages are realized:

· Server Consolidation: By combining workloads from a number of physical hosts into a single host, a reduction in servers can be achieved and a corresponding decrease in interconnect hardware. Traditionally these workloads would need to be individually created, partially isolated and well behaved, but with new virtualization techniques none of these requirements are necessary.
· Reduction of Complexity: Infrastructure costs are reduced by removing the need for physical hardware, and networking. Instead of having a large number of physical computers, all networked together, consuming power and administration costs, fewer computers can be used to achieve the same goal. Administration and physical setup is less time consuming and costly.

· Isolation: Virtual machines run in sand-boxed environments. Virtual machines cannot access the resources of other virtual machines. If one virtual machine performs poorly or crashes, it does not affect any other virtual machine.

· Platform Uniformity: In a virtualized environment a broad array of hardware components is cut into a uniform set of virtual devices presented to each guest operating system. This reduces the impact across the IT organization: from support, to documentation, to tools engineering.

· Legacy Support: With traditional bare-metal operating system installations, when the hardware vendor replaces a component of a system the operating system vendor is required to make a corresponding change to enable the new hardware (for example an Ethernet card). As an operating system ages, the operating system vendor may no longer provide hardware enabling updates. In a virtualized operating system the hardware remains constant for as long as the virtual environment is in place, regardless of any changes occurring in the real hardware including full replacement.

II. Oracle VM Architecture
Oracle VM Architecture shows the components of Oracle VM.
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Oracle VM Manager: Provides the user interface which is a standard ADF (Application Development Framework) web application, to manage Oracle VM Servers, virtual machines and resources. Use Oracle VM Manager to:

· Create and deploy virtual machines and server pools

· Power on and off, and pause virtual machines

· Manage virtual NICs (Network Interface Cards), disks and shared disks

· Create virtual machine templates from other virtual machines, and import virtual machines and templates

· Manage high availability of Oracle VM Servers, server pools and guest virtual machines

· Perform live migration of virtual machines

Oracle VM Server: A self-contained virtualization environment designed to provide a lightweight, secure, server-based platform for running virtual machines. Oracle VM Server is based upon an updated version of the underlying Xen hypervisor technology and includes Oracle VM Agent.

Oracle VM Agent: Installed with Oracle VM Server. Oracle VM Manager communicates with Oracle VM Agent to manage the Oracle VM Servers and virtual machines running on it.
Oracle VM Manager

Oracle VM Manager is a stand-alone management console for Oracle VM. Oracle VM Manager provides management capabilities at the Oracle VM server, server pool and guest layer. Oracle VM Manager is also the development platform for the Oracle VM Management Pack. The primary goal of Oracle VM Manager is to be the rapid development platform for the Oracle VM Management Pack. Oracle VM Manager is typically two releases ahead of its more mature Oracle VM Management Pack code base. The Oracle VM Manager source code and ISO files can be downloaded from the Oracle eDelivery portal.

Oracle VM Manager also has a command line interface which allows Manager functions to be executed from the command-line without the use of a gui tool or browser. The Oracle VM Manager Command Line Interface is available to Oracle Unbreakable Linux support customers via the Oracle Unbreakable Linux Network. Oracle VM Manager Command Line Interface commands can be scripted allowing automation of administrative tasks such as checking status, performing lifecycle management and executing bulk actions.

Oracle VM Manager is distributed in three formats; 1) pre-configured Oracle VM template, 2) application that installs on Enterprise Linux and 3) code base for the Oracle VM Management Pack.
Oracle VM Server
Oracle VM server is Oracle’s Open Source Xen distribution which allows multiple guest operating systems to run concurrently on a single piece of x86 based hardware. Oracle VM server is a type 1 hypervisor that installs directly on x86 or x86-64 hardware. A type 2 hypervisor is a software applications that run on top of an operating system. Oracle VM servers are managed as server pools from either Oracle VM Manager or the Oracle VM Management Pack but not both. The Oracle VM server source code and ISO files can be freely downloaded from the Oracle eDelivery portal.

Oracle VM server is comprised of several components that allow both paravirtualized and hardware virtualized guests to share the CPU and memory resources of a single piece of x86 hardware. Oracle VM server supports both Red Hat Linux and Oracle Enterprise Linux in paravirtualization mode and Red Hat Linux, Oracle Enterprise Linux, Solaris 10 and Windows in hardware virtualization mode.

Hardware virtualization requires the Oracle VM server to have either an Intel CPU with VT (virtualization technology) extensions, or an AMD CPU with SVM extensions (also called AMD-V). The system BIOS settings on the Oracle VM server will need to be modified to enable hardware virtualization. By default, hardware virtualization is not enabled. If the CPU does not support hardware virtualization, paravirtualization can be used for Red Hat Linux and Oracle Enterprise Linux guests.

Oracle VM Agent

The Oracle VM agent is a python application that is installed by default in dom0. As discussed in the Oracle VM Manager section, Oracle VM Manager and the Oracle VM Management Pack communicate with a server pool’s master agent that dispatches requests to other non-master pool members.
Oracle VM Installation Quick Start
1.  Download Oracle VM software

Download the Oracle VM software CDs from the Oracle eDelivery site:

http://www.oracle.com/virtualization

The two ISO files to download are:
· Oracle VM Server

· Oracle VM Manager
Burn the Oracle VM Server ISO file to a bootable CD.

Burn the Oracle VM Manager ISO file to a CD.

2.  Installing Oracle VM Server

NOTE: Installing Oracle VM Server deletes any previous operating system and data on the computer. 
To install Oracle VM Server:
1. Boot the computer on which you want to install Oracle VM Server with the Oracle VM Server CD.

2. At the boot prompt, press Enter.

3. Follow the prompts to install Oracle VM Server.

4. Log into Oracle VM Server as root with the password you set during the installation.

3.  Installing Oracle VM Manager

To install Oracle VM Manager:
1. Start up the computer on which you want to install Oracle VM Manager.

2. Insert and mount the Oracle VM Manager CD.

3. As root start the Oracle VM Manager installation script: runInstaller.sh
4. Follow the prompts to install Oracle VM Manager.

4.  Adding the Oracle VM Server to Oracle VM Manager

You can use Oracle VM Manager to create and manage virtual machines on Oracle VM Server. To create a virtual machine using Oracle VM Manager you must first set up a Server Pool containing a Server Pool Master, a Utility Server and a Virtual Machine Server. To do this complete the following steps:
1. Open a web browser, log into the Oracle VM Manager web interface. Use the default administrator username admin with the password you set during the installation. The URL is: http://hostname:8888/OVS hostname is the name or IP address of the Oracle VM Manager host computer.

2. Create a Server Pool.

3. Add the Oracle VM Server to the Server Pool. Select whether the Oracle VM Server is to be used as a Server Pool Master, a Utility Server, and/or a Virtual Machine Server. One server can be all three.
4. Upload any existing virtual machines as virtual machine templates.

5. Upload any operating system ISO files as installation media if necessary.

5.  Creating a Virtual Machine

Create a virtual machine either as a paravirtualized guest or as a hardware virtualized guest. Create virtual machines using the Oracle VM Server command-line tool, virt-install, or using Oracle VM Manager. There are a number of ways to create a virtual machine using Oracle VM Manager:
· Using a virtual machine template

· Using installation media

·  Importing a virtual machine
III. Oracle VM Templates

An Oracle VM Template is a virtual machine, or group of VMs containing Oracle or other software that is pre-built, pre-installed, pre-configured and ready to use—no installation required. Simply download the Templates from Oracle E-Delivery, import to an Oracle VM instance, deploy and start-up the VM(s) to begin using them. Oracle VM Templates can be created by Oracle, by internal developers, or by third parties such as ISVs or solution providers using software available for download and even free re-distribution without a contract. 

· Oracle VM Server: Server virtualization for x86 and x86_64 servers and the base platform for hosting Oracle VM Templates 

· Oracle Enterprise Linux, both in its minimized build version known as the Just enough OS or JeOS edition and also in the full-install version 

These products from Oracle provide the platform for any Oracle VM Template, internal developers or third party solution providers can optionally add their own software to any Template they produce to create and distribute a unique, total solution. Using these components Oracle, partners and customers can create powerful enterprise software appliances that are fast and easy to distribute and deploy. 
In addition to the core Template components mentioned above, Oracle further aids Template development with Oracle Database Express Edition (XE), which includes Oracle Application Express, a rapid web application development tool for the Oracle database, incorporating licensing that permits free redistribution without a distribution contract from Oracle. 
Oracle VM templates are self-contained and pre-configured, production ready virtual machines with key Oracle technologies. Each Oracle VM template is packaged using Oracle best practices, which eliminates installation and configuration costs, reduces risk and dramatically shortens deployment timelines. Oracle VM templates are production ready and can be downloaded and deployed directly into test, dev or production environments. Oracle VM templates are available from the Oracle eDelivery portal. 

Oracle VM template licensing includes a free download and free trial use with the option to purchase a product license. Oracle VM templates do not have time limits or feature limitations (Oracle VM templates are full featured and do not have expiration dates). Oracle VM templates can be quickly transitioned from evaluation into production by purchasing Oracle technology licenses.

Oracle’s current VM templates for x86_64:

Management

· Oracle Enterprise Manager Grid Control 10g R5 (10.2.0.5)

· Oracle VM Manager 2.2.0
· Oracle VM Template Builder 2.2.0
Applications

· JD Edwards EnterpriseOne 9.0 Update 1 and JD Edwards EnterpriseOneTools 8.98 Update 2

· PeopleSoft HCM 9.1 and PeopleTools 8.50.02

· Siebel CRM SIA 8.1.1 and 8.0    
· Oracle E-Business Suite Release 12.1.1
Middleware

· Oracle WebLogic Server 10g Release 3     

· Oracle Business Intelligence Enterprise Edition 10.1.3.4

· Oracle Application Server 10g Release 3 WebCenter

· Oracle Identity Management 10g Release 2

· Oracle Fusion Middleware Service Oriented Architecture (SOA) 10.1.3.4 and 10.1.3.3

 Database

· Oracle Database 11g and Oracle Database 10g Release 2

Oracle Enterprise Linux

· Oracle Enterprise Linux 4 and 5

3rd Party Software

· Zeuss Traffic Manager
IV. Rapid deployment Using Templates

Oracle VM does away with wasted time and expense by providing the ability to rapidly and easily deploy a pre-built, pre-configured, pre-patched guest virtual machine (or multiple machines depending on the application) in the form of an Oracle VM Template. Templates can contain a complete Oracle software solution such as Oracle Database including the operating system (Oracle Enterprise Linux), and even your internally developed or third party software. 

Oracle VM Templates are available from Oracle E-Delivery, while third party developed Templates would be made available via their corresponding channels ready to download and start-up in an Oracle VM infrastructure. Already licensed for production use, Oracle VM Templates can save users days or weeks learning to install and configure a sophisticated product such as Oracle Enterprise Manager Grid Control or Oracle Fusion Middleware SOA Suite.

Instead users can focus on simply downloading and starting the virtual machines to begin using the product right away with the confidence that they are deploying an exact, validated copy of their virtual machines and not a virtual machine hand-built from scratch where the risk of human error such as missing a patch dependency or misconfiguring a parameter is far greater.

Within these templates, Oracle software is laid-out in the same manner as the software would be if it were installed and patched manually, meaning the exact same directories and Oracle homes are used, and the package and patch inventories are completely standard and up-to-date so that no changes to your normal Oracle operations procedures are required to maintain the instances over time.
While Oracle VM templates are pre-built to reflect the best practices for the included products, you may still want to tailor the solution to your particular environment. Oracle VMs created from Templates are still fully user-accessible and directly customizable in your environment. Templates can be fully customized or tuned post-install and then re-saved as golden image templates in Oracle VM to serve as an enterprise deployment standard to minimize risks and variation across multiple instance deployments in the enterprise.
Oracle VM Templates can be created by Oracle, third parties or by users for their own custom applications. All Oracle Templates on the E-Delivery site are packaged and licensed for production use so you can download them, customize as needed and take them straight into production when you are ready, the same as any other Oracle product.

Oracle VM Templates should be downloaded directly if possible, to the shared /OVS/seed_pool directory used by the Oracle VM Manager instance. This directory serves as the central repository directory for all Oracle VM Template files associated with an Oracle VM. They can of course be downloaded to anywhere, but then they need to be moved into the /OVS/seed_pool directory to be imported, so a direct download to this directory will save a step.

After downloading the ‘tar’ file, the Template should be unzipped (uncompressed) and a directory structure will automatically be created in the seed_pool directory to contain all the previously described files that make up the template. Each VM in the tar file will result in the creation of an individual template directory with all the files associated with that VM.

For example, the Oracle Enterprise Manager Grid Control Template download file contains two VMs: One for the Management Server and one for the management repository database. The download is one tar file but in this case it will uncompress into two directories, one for each VM. Each individual VM will now appear in Oracle VM Manager as an individual VM Template as in the Enterprise Manager example. Once imported Oracle VM Manager will list an Enterprise Manager Server Template and an Enterprise Manager repository database Template.
The first step after installing Oracle VM Manager or the Oracle VM Management Pack before you can import a Template, is to create a server pool. The server pool wizard walks through the server pool creation process which entails selecting a name for the server pool, selecting the pool owner and finally adding an Oracle VM Server to the pool. Once the server pool is created, resources such as ISO files, templates, administrative users and groups can be configured. Additional server pool members can be added to the server pool as long as the server pool members are accessing a shared repository.

An Oracle VM server pool defines the management boundaries and storage requirements of one or more Oracle VM Servers. A server pool that is configured with local storage is limited to a single Oracle VM server, without HA or Live Migration functionality. To add additional Oracle VM Servers to a pool, and to enable HA, a shared repository is a requirement. Shared storage allows virtual machines to start, run and migrate to any Oracle VM Server within a pool.
The next step is to import these Templates into Oracle VM Manager so they can be used to create VMs. For the Templates to be used each of the Templates associated with the included VMs must be imported into the desired instance of Oracle VM Manager by going to the Resources tab in the UI and clicking on the Virtual Machine Templates subtab, and then Import. 

Within the Import wizard screens you can choose to import from an external location, including directly from Oracle, via ftp or http if the Template is not in the /OVS/seed_pool directory, or you can Discover and Register Templates that are already in the /OVS/seed_pool directory as described above. 

Once the Import is completed, the Template will be associated with that pool so that VMs can be created in that pool from that Template. If you want to use the Template to create VMs in another pool you must import the Template to the other pool using the same Import process. 

Before you can use the Template to create VMs, it needs to be approved by a user with an Administrator or Manager level account. This is to provide better control over the environment and ensure that unapproved Templates are not used to create guest VMs. Users with the appropriate privileges can approve Templates simply by going to the list of Templates on the Resources page and selecting the Template(s) in a Pending state and then selecting Approve. Once the Template is approved it is ready for use in creating VMs in that pool. 

Creating VMs from Templates is very straight forward as the VM creation wizard initiated from the Virtual Machines tab in the Manager UI walks you through the steps. Simply select the option to create a VM from a Template and follow the steps. 

Note that the creation process may take some time depending on the size of the VM in the Template and the speed of your pool storage as the image files are cloned between directories as part of the creation process. This is done so that the original Template images will remain as pristine source images in one location (the seed_pool directory), while the created VM can then be customized in another location (the running_pool or publish_pool directory) without overwriting the source. However, if you wish to make changes and save those changes to the Template itself, that can be done using the Save As Template option.
Once the VM is created, it is associated with a specific server pool and put in a ‘Powered Off” state, but it is not associated with a specific server in the pool until the VM is powered-on. At power-on, Oracle VM Manager places the VM on a server either automatically based on algorithms that determine which server has the most memory available, or it is placed based on a user-defined, preferred-server policy that specifies a named subset of servers that must be used to host that particular VM instance. 

From the Virtual Machines page, click on the VM and select Power On. As was discussed, the VM created from the Template will execute any one-time OS-configuration and product configuration scripts on the first boot of the VM. Not all Templates require power-on configuration – it depends on what product(s) is/are contained in the Template - so a given Template may boot normally without any prompting at all.                                                       
Installing Oracle Real Application clusters (RAC) Based on OEL templates

1. Oracle Enterprise Linux VM Templates list and description

The following Oracle Enterprise Linux VM templates are available:

Template 



Kernel 



VCPU 
RAM 
Storage
------------------------ 


------------------------- 

---- 
--- 
-------
OVM_EL5U2_X86_64_PVM_10GB 
2.6.18-92.1.17.0.2.el5xen 

2 
2GB 
10GB
OVM_EL5U2_X86_64_PVM_4GB 
2.6.18-92.1.17.0.2.el5xen 

1 
1GB
4GB
OVM_EL5U3_X86_64_PVM_4GB 
2.6.18-128.0.0.0.2.el5xen 

1 
1GB 
4GB OVM_EL5U4_X86_64_PVM_4GB 
2.6.18-164.0.0.0.2.el5xen 

1 
1GB 
4GB

· The templates are created with default installation options.

· Default runlevel is 3.

· The SELinux option is disabled.

2. Importing an Oracle VM Template into Oracle VM Manager

There are two ways to import an Oracle VM template into Oracle VM Manager:

From the Oracle VM Server hard disk or a remote site using HTTP or FTP. We’ll be discussing the first method.
To import an Oracle VM template into Oracle VM Manager from an Oracle VM Server:
1. Download the Oracle VM template .zip file to an Oracle VM Server and place it in the /OVS/seed_pool directory.

2. Use unzip tool to uncompress the file. unzip tool can be downloaded from http://oss.oracle.com/el4/unzip/unzip.html.

3. Extract the .tgz file. This step creates a directory with the name of the template. This directory contains the files for the template. For example:
          
# cd /OVS/seed_pool

         
# tar xzf OVM_EL5U4_X86_64_PVM_4GB.tgz
This will create the following:
                            /OVS/seed_pool/OVM_EL5U4_X86_64_PVM_4GB
                            |- System.img        
(OS image file)

                            |- vm.cfg          
(VM configuration file)

                            |- README

4. Log into Oracle VM Manager and navigate to the Resources tab. The Virtual Machine Templates screen is displayed. Click Import. The Source screen is displayed.

5. Choose Select from Server Pool (Discover and register) and click Next. The General Information screen is displayed.

6. Enter or select the following:
          Server Pool Name: Select the server pool on which the virtual machine will be located.

          Virtual Machine Template Name: Select the Oracle VM template to be imported.

          Operating System: Select the operating system of the virtual machine (OEL 5U4 x86_64)
          Virtual Machine System Username: Enter the username used to log into the virtual machine (root).

          Virtual Machine System Password: Enter the password used to log into the virtual machine.

          Description: Enter a description of the virtual machine.

          Click Next. The Confirm Information screen is displayed.
7. Click Confirm. The Virtual Machine Template screen is displayed with a message to confirm the template is imported.
8. To make the virtual machine template available for use, select the virtual machine template and click Approve. The View Virtual Machine Template screen is displayed. Click Approve.

The Oracle VM template is now imported and ready for use in Oracle VM Manager.

3. Creating an Oracle Enterprise Linux Virtual Machine

Follow the steps in section 2. Importing an Oracle VM Template into Oracle VM Manager, to import the virtual machine template into Oracle VM Manager.

1. Log in to Oracle VM Manager and navigate to the Virtual Machines tab.
Click Create Virtual Machine. The Creation Method screen is displayed.
2. Select Create virtual machine based on virtual machine template. Click Next.

          
The Server Pool screen is displayed.

3. Select the Server Pool on which to create the virtual machine. Select an option from the Preferred Server dropdown. 
Click Next. The Source screen is displayed.

4. Select the template you imported in Step 1, and click Next. The Virtual Machine Information screen is displayed.
5. Enter the virtual machine name in the Virtual Machine Name field. Enter the console password in the Console Password field. Confirm the console password by entering it again in the Confirm Console Password field. 

          
Select the network Interface Card. Click Next. The Confirm Information screen is displayed.

6. Confirm the virtual machine information, and click Confirm. 
The Virtual Machine screen is displayed with the message "Creating Virtual Machine".

7. When the virtual machine is created, the Status changes from Creating to Powered Off. 
To power on the virtual machine, click Power On.

8. When the virtual machine status is changed from Initializing to Running, select the running virtual machine and click Console to connect the virtual machine console to enter data required for Oracle Database configuration as described in section 4.

4. Virtual Machine Configuration

The virtual machine network has been configured with DHCP IP address by default, during the first boot of the virtual machine the user will be asked if a static IP address should be configured. Answer yes to use a static IP address and enter required network information.
Configuring network interface.
Network device: eth0
Hardware address: 00:18:E7:16:0A:86
Do you want to enable dynamic IP configuration (DHCP) (Y|n)? 

a) Enter "y", then proceed to DHCP configuration.
User will be asked if hostname should be configured.

Do you want to manually configure the hostname (y|N)? 

b) Enter "n", then proceed to static IP configuration.
User will next see the login prompt.

Note: We will configure the networking later in step 5.
5. Additional steps for creating RAC

At main the Virtual Machines screen the new rac1 VM should be visible with state Creating. Oracle VM is now copying the template to this new system. Repeat the previous steps to create rac2. There will be two Linux VMs ready now for Oracle RAC installation. 
a. Customize RAC VMs   for Oracle software installation
· Both VMs have been created  from the template with 1024MB memory. If you wish to change this setting, power them down and go to Virtual Machines, click on rac1 or rac2. At General Information go to Edit. 
Change RAM from 1024MB to 2048MB.

· Go to Virtual Disk, click on Create New Virtual Disk. Here you specify your needed space on additional disks. Create local additional local disk for Oracle Software 
· Go to Resources, Shared Virtual Disks. Here you create additional shared disks for OCFS2 and ASM
b. Reconfiguring RAC VMs Networking
Since you don't have more physical Ethernet adapters than eth0 so you have to emulate them manually as Oracle VM won't create bridges without physical interfaces. Specifically, you want to add the interconnect network for RAC's Cache Fusion. 

If you did not add an additional network bridged interface during creation of the VM, you can add the following lines to /etc/rc.d/rc.local in order to bring up additional Ethernet bridges. Also, execute these commands too add the new networking to system startup if you don't want to restart Oracle VM now:
	[root@dude ~]# cat >> /etc/rc.d/rc.local
brctl addbr ibr0

ip link set dev ibr0 up
 [root@dude ~]#


As root on Oracle VM, cd to /OVS/running_pool/ and edit vm.cfg for rac1 and rac2, change vif line as follows:

	vif = ['bridge=xenbr0', 'bridge=ibr0']


RAC VMs should be connected to bridges in the following manner: 

· eth0 connected to xenbr0 (bridged with first physical Ethernet of Oracle VM server;  check by issuing brctl show). This is the public interface for Oracle VM clients.
· eth1 connected to ibr0. 
This is the private interconnect network for cache fusion.
c. Start the VMs (rac1 and rac2):
	[root@dude 34_rac2]# xm create vm.cfg
Using config file "./vm.cfg".

Started domain 134_rac2

[root@dude 34_rac2]#


Check the running VMs, you should see something similar to the following:
	[root@dude ~]# xm list 

Name                                       ID   Mem VCPUs      State   Time(s) 

32_rac1                                     7  2048     1     -b----     12.8 

34_rac2                                     8  2048     1     r-----      7.2 

Domain-0                                    0   512     2     r-----    287.6 

[root@dude ~]# 


By default Oracle VM templates are configured for the following credentials: 

· User: root

· Password: ovsroot
d. Reconfigure rac1 node, connect to it via local console:
	[root@dude ~]# xm console 32_rac1 
<ctrl-c>
Enterprise Linux Enterprise Linux Server release 5.4 (Carthage) 
Kernel 2.6.18-164.0.0.0.1.el5xen on an x86_64

localhost.localdomain login: root 
Password: “ovsroot” 

Last login: Tue Feb 2 18:05:16 on tty1 
[root@localhost ~]#


Run the network configuration utility:

	[root@localhost ~]# export TERM=linux 

[root@localhost ~]# system-config-network-tui


Configuring the public interface (also the management interface with an IP network that is visible from outside of Oracle VM) consists of selecting eth0 and setting up IP addresses, netmasks, gateways, etc. After successfully configuring eth0 you can configure eth1 for the private interconnect. Create a new interface by selecting <New device>, then Ethernet, and then your IP networking for eth1. Save the following as the /etc/hosts file:
	127.0.0.1     localhost.localdomain localhost

# eth0: public network
192.168.0.150    rac1
192.168.0.152    rac2 

# eth1: interconnect
192.168.1.150     int-rac1
192.168.1.152     int-rac2
# VIPs
192.168.0.250   vip-rac1
192.168.0.252   vip-rac2


e. Preparing for Oracle Software Installation

· Unzip Oracle Database and Oracle Clusterware on rac1 VM.
· Create directories for Database and Clusterware on both RAC nodes. Use the additional local disk for Oracle software mount point /u01.
· Edit oracle account’s .bash_profile script on rac1 and rac2, ORACLE_SID must be set individually for each RAC node. orac1 for rac1, orac2 for rac2

· User equivalence is a method of using RSH/SSH that enables the local user account to access all other nodes in the cluster without the need for a password. User equivalence is mainly used by Oracle's installers to perform installation on the rest of the nodes without asking for a password. You can quickly set up user equivalence using SSH key-based authentication.
f. ASMLib Configuration 

ASMLIB is an optional more efficient mechanism for I/O operations and managing storage. ASMLIB on Linux mainly helps reduce context switches and thus CPU utilization by bypassing standard UNIX I/O calls and providing it's own kernel part of performing those operations, and to ease device management. 

· Perform ASMLib configuration on both nodes
· Put into ASMLIB management the shared disk created earlier (perform only on rac1)
· Rescan for new ASM disks on rac2
g. Oracle Clusterware Software Installation

Oracle Clusterware is a core component of RAC containing the database and related helper applications. It allows the DBA to register an Oracle instance (or instances) with the cluster. Oracle Clusterware will send messages (via a special ping operation) to all nodes configured in the cluster, this is called the heartbeat. If the heartbeat fails for any of the nodes, it checks the Oracle Clusterware configuration files to distinguish between a node failure and a network failure. 

After installing Oracle Clusterware the Oracle Universal Installer (OUI) will automatically recognize the new nodes during the Oracle Database software installation (next section). Both the Clusterware and Database software installations only need to be run from one node. The OUI will copy the software packages to all nodes configured in the RAC cluster. Use shared OCFS2 partition for OCRs and voting disks.
Run the Clusterware installer:
	[oracle@rac1 clusterware]$ export DISPLAY=192.168.0.11:0


[oracle@rac1 clusterware]$ ./runInstaller


You will be presented with the Clusterware installer.
Enter /u01/app/oraInventory for the inventory directory.
Enter /u01/app/crs for Clusterware home. (The CRS directory will be separate from the Database software directory).
Clusterware will now check the system for problems and incompatibilities.
Click on the Edit button and assign the network adapters as follows: 

· eth0 should be public

· eth1 should be private (RAC private interconnect for cache fusion)

Specify that OCR should be mirrored. For the primary OCR location enter /u02/oradata/OCRFile. For the backup OCR location enter /u02/oradata/OCRMirror.

Select Normal redundancy for voting disks. Three voting disks are needed for the quorum requirements: 

· /u02/oradata/CSSFile
· /u02/oradata/CSSMirror
· /u02/oradata/CSSMirror1
After configuring voting disks a summary window will appear, review your settings and press Install.
After successful installation you will be prompted to run post-installation finalization scripts.

h. Oracle Database Software Installation
Run the Database Installer:
	[oracle@rac1 ~]$ cd /u01/install/database/

[oracle@rac1 database]$ ./runInstaller


Installation windows should appear; select Custom to choose individual components for your RAC database.
Choose /u01/app/oracle for Oracle base diectory, leave Name and Path in Software Location at defaults.

Select Cluster Installation and enable rac1(already checked) and rac2 nodes.

Installer will now verify the environment. If you do not have enough swap space, you can safely check User Verified. You can also ignore the kernel rmem_default parameter notice.

At the Privileged Operating Systems Groups prompt ensure you have selected the dba group everywhere.
Check everything, and then click Install.

After installation, run post-installation scripts on both nodes, it’s important to follow the OUI instructions carefully.
i. NetCA: Configuring Oracle TNS Services for RAC
$ORACLE_HOME/bin/netca
Create a new listener for both nodes and create the tnsnames.ora entries.

j. DBCA: Database Creation
	[oracle@rac1 ~]$ cd /u01/app/oracle/product/11.1.0/db_1/bin/
[oracle@rac1 bin]$ ./dbca


Choose Real Application Clusters.

Select Create a Database, ensure that both nodes are selected.

Choose Custom Database.

Name the database orac.world. The SID prefix should automatically be set to orac. Individual SIDs will be oac1, orac1.
Configure the Oracle Enterprise Manager appropriately.

Select a single password for all important Oracle accounts.

Choose ASM as the database storage option

Choose to use a shared SPFILE to have centralized ASM configuration on the OCFS2 partition /u02.
At the Create Diskgroup Window click on VOL1.

Next create a DATA1 ASM diskgroup from VOL1 with a EXTERNAL redundancy. 
Select Oracle-Managed Files on the new +DATA1 diskgroup.

There are many new security options in Oracle Database 11g, accept the defaults.

At Database Storage, accept defaults.

Select only Create Database.
You will be presented with summary showing which options will be installed. Finally, you will get a quick summary about the created database. After startup the database will be available through two instances orac1, orac2.

V. Creating Your Own Custom VM Templates for Development
Overview

As we described in the previous sections, an Oracle VM template consists of one or more binary files and a text file. The binary files are the disk images taken from a fully configured and functional virtual machine. The text file is a virtual machine configuration file. The files are shipped in one archive, or tar file. 

Since a template is a copy of a pre-installed virtual machine, to create this copy one needs first to create the virtual machine itself running the desired OS and then install and configure the target software. The next step is to implement a script to perform dynamic reconfiguration of the OS and application at initial boot-time, if required.

The virtual machine with the desired OS can be created from scratch using Oracle Enterprise Linux, or you can begin with an existing Oracle VM OS Template available from Oracle’s E- Delivery website. Oracle has also made available for free a download Just enough OS, or JeOS edition of the Oracle Enterprise Linux 4 and 5 operating systems to facilitate building an OS instance with a bare minimum number of packages needed for your template. This helps reduce the disk footprint by up to 2GB or more per VM, and also improves security and reliability of the virtual machine. Of course you can customize and add packages to the JeOS edition package list to completely tailor the needs of the application. The JeOS edition download also includes a script to help configure parameters such as disk sizes, etc.

The dynamic reconfiguration boot time actions can be implemented in product specific scripts as described later. The scripts are then installed in the template and can be set to automatically run when the VM is first booted. Oracle VM Server and Oracle Enterprise Linux are free to download, use and re-distribute. So a template that contains only OEL (e.g. a default install of the OS) can be re-distributed without any special agreement from Oracle.

Ease of Operations Maintenance

Since Oracle VM Templates do not require any proprietary directory structures or metadata, there is no reason why the software included in the template cannot be completely compatible with any utilities for patching and support provided by software vendors. However, in order to support this compatibility, you may need to consider whether any additional packages or software needs to be included in your template to support any required vendor utilities used for maintenance of the template. For example, the template once deployed should be able to support OS and product standard operating procedures going forward with regards to:

· Patching

· Upgrade

· Configuration changes

· Monitoring

· Tech Support

For example, you should consider if it is likely that a monitoring agent, or agent used for patching will need to be installed. You can consider either including these agents directly or just plan to make sure the appropriate packages are included to allow future installation in the guest VMs.

Prerequisites for Oracle VM Template Creation

In order to get started, you will need access to the following items to develop a template. All of the software referenced below can be downloaded free from eDelivery.oracle.com

· One physical server running Oracle VM Server software

· One Linux desktop or server running Oracle VM Manager

· Oracle Enterprise Linux JeOS software kit

· Root access to the dom0 on Oracle VM Server to package the template

There are 10 basic steps for creating an Oracle VM Template summarized below. Depending on the type of software being included in the template, not every step will apply. Overview of the basic template creation steps:

1. Decide on your spec for the template: operating system, product version, and product configuration
2. Using JeOS kit, create the initial template with OS disk image and placeholder disk image for product installation
3. Setup a development environment;

4. Configure the virtual machine for the product installation
5. Install the product software (e.g. Oracle database, Enterprise Manager Agent, etc.)
6. Identify the product configuration actions normally performed product installation that will need to be performed by a template configuration script (e.g. system files modified, product configuration files that refer to used-at-install hostname, IP address)
7. Develop a script for the product specific reconfiguration actions (e.g. in product configuration files, replacement of used-at-install IP address by actual IP address assigned to the virtual machine at deployment)
8. Develop the product specific cleanup scripts
9. Remove the proprietary files from OS disk image and replace the relevant real parameter values by placeholders
10. Package and archive the template.

1. Decide On Your Template Specification. The first step is to specify the technical requirements for the template:

· OS version to include

· Guest type: paravirtualized (PVM) or fully virtualized (also known as “hardware virtualized” or “HVM”). Generally stated, PVMs are higher performance and more scalable and thus are generally referable.
· Version of product(s) to install

· Product configuration

· Product install directory

· Product install partition size

· Number of virtual CPUs to be configured when the guest VM is created. Note that this value can be edited later and even changed from the Oracle VM Manager GUI.

· Size of virtual memory. Note that, in Oracle VM, as with any virtualization product using the Xen hypervisor component, the amount of memory consumed by all the VMs running on a physical server at any one time cannot exceed the amount of physical memory in the server. This may be a consideration if you plan on running multiple VMs on the same physical machine.

· Swap size: Depends on the application. For Linux operating systems, 512B-1024GB is usually sufficient but more may be ideal for your application. For example, for Oracle Database, 2GB is recommended.

· Free size of root partition desired after OS install

· Name for your product disk images

· Mount point for the product disk images
· Template name, default name for the archive and virtual machine. Templates containing multiple VMs will create a separate directory based on the name for each VM. To avoid later conflicts when you have many templates deployed in the same Oracle VM server, it’s recommended you develop a naming convention that contains the name of the individual VM and the name of the template it‘s associated with. Also keep in mind versioning as you’re likely to update the template over time with patched or updated software or settings.

· Dependencies, overall topology or other things specific to the products you are including.

Note: Although Oracle developed templates generally include two virtual disk images, it is technically optional to create another disk for the application install, and it may or may not be required for a given template. Often two disk images may be needed to separate products with different license terms and conditions, e.g. to separate software with open licenses such as GPL from software or files that have a proprietary license. Consult the software license authority with any questions regarding licensing requirements.
2. Using JeOS kit, Create the Initial Template

Oracle recommends using the Oracle Enterprise Linux JeOS kit for creating a tailored for your product OS image and product disk. oracle.com/technology/software/products/virtualization/vm_jeos.html. Download and install JeOS rpm to a system running OEL 5.2. It can be either a bare metal system or a virtual machine. The documentation, which is part of the rpm, is a comprehensive guide on how to develop with JeOS.

The JeOS edition of Enterprise Linux only includes English language support by default. If your template needs to support additional languages, these packages should be added to your OS build. If you have rpm-based software products you wish to include and can configure access to the rpm repository for that software, you may provide those packages as input to modifyjeos command. If the product(s) you wish to add are not rpm based, and need to run their own installer, you can do so by running the installer in the VM before completion of your template packaging as described later in this paper.
3. Set-up the Template Development Environment

Install the Oracle VM Server and Oracle VM Manager software if you have not done so already.

Login to Oracle VM Manager and import the VM created by JeOS by supplying the http or ftp location via the wizard initiated from the Import button on the Virtual Machines page. Start the virtual machine. Refer to Oracle VM Manager User’s Guide for complete details on importing and starting VMs in Oracle VM Manager. Once the virtual machine has powered-on, you can login to the virtual machine as user root via Oracle VM Manager’s VNC Console button using password ovsroot. 
4. Configure the Virtual Machine for Product Installation

You may need to do additional OS configuration for the included product software. This may include additional OS parameter settings and disk configuration but is completely dependent on the specifics of the products that are included. 
JeOS already configures swap and the disk for product installation for you. By default, the ext3 filesystem is used for the product disk format. Unless you want to change the filesystem format from ext3 or the disk size, you do not need change anything. 
Next, if you need a raw partition, additional configuration will be needed. For example, if you need a partition for the datafiles located on Oracle ASM (Automatic Storage Management) devices, you could create a second “product disk” using the modifyjeos script. But instead of using it as a filesystem, un-mount that device and use the partition (e.g. /dev/xvdc1) for the ASM device. 
If you need to modify the OS parameters manually, you may need to edit OS configuration files. For example, to set the kernel parameters per product requirement, you may need to edit /etc/sysctl.conf as root.
5. Install the Product Software into the VM

Install the software into the VM(s) and perform the required configuration (sizing, data population). As previously mentioned, if your software installation is completely rpm-based, you could add it to the list of packages to be installed in the image created by JeOS. But if your product installation is not rpm-based, and you need to run your installer, you would run it as a part of this step. For the product install, use the disk mounted at the mount point specified during the spec phase (Step 1). This disk may or may not be formatted with the file system depending on how you created the template. 
6. Identify Actions for Product Software Configuration at Install

Next you need to analyze all the product configuration steps that were required to support network, storage, or user specific configuration. Specifically, you need to note any items that would likely need to be reconfigured when the virtual machine is deployed in a new environment since the networking or storage or hostnames, etc. might be different. Reconfiguration of these items will need to be provided as a part of your OS or product reconfiguration scripts as described in section 7 below. Those could include any of the following:

· Files with modified content

· File and directory names modified

· Data entries in the database

· Dependencies on other existing environments

· Other items specific to the products installed

7. Define the Product Specific Reconfiguration Actions

Now that you have analyzed and collected the list of parameters that would need to be set uniquely for each VM instance created from the template, you need to develop the scripts to gather the information and set the values. The script should perform the following tasks:

· Collect from the user the values for configurable parameters

· Perform the software application reconfiguration

· Start the software application if applicable

8. Define the Product Specific Cleanup Scripts

Based on analysis of all the product installation and configuration steps, determine the cleanup tasks that need to be done. These may include any of the following:

· Deleting product installation and other log files

· Deleting runlevel startup scripts

· Replacing the product parameter values by placeholders in the product configuration scripts

Then, you need to develop the scripts to perform these tasks.
9.  Remove Proprietary Files from OS Disk Image & Replace Parameter Values by Placeholder Strings 
If the product is up and running, shut it down cleanly. Run the JeOS cleanup script
# oraclevm-template --cleanup

The JeOS cleanup script invokes the product specific script (emagent-cleanup.sh in our example). Hence, all product specific cleanup actions will be done. For example, the used-at-product-install parameter values will be replaced by placeholders in the product configuration files. The JeOS script cleans up the OS log files in /var/log, removes the systemid from up2date configuration file, cleans up the yum caches, DHCP client caches, the root user's ssh configuration file and bash history files, removes etc/resolv.conf, resets /etc/hostnames to default, resets network configuration to DHCP, and, finally, shuts down network service. Enable 'oraclevm-template' service.
# oraclevm-template -enable

This will make the template ready for the first boot, i.e. will set the sysconfig flag

/RUN_TEMPLATE_CONF/ to /YES/
10. Package the Template

· Shutdown the virtual machine

· Replace the modified vm.cfg file by the original vm.cfg created by JeOS

· Archive the templates.

Note: You can download the original vm.cfg created by JeOS from http or ftp accessible location created in step 2, the example we used was /var/www/html/emagent_templ
VI. New Features and Conclusion

New Features in 2.2.0
· Updated Xen 3.4 Hypervisor  - More efficient power management capabilities, broader hardware support, and better performance, scalability and security for both hardware virtualized and paravirtualized guests
· Updated Dom0 Linux Kernel with Newer Drivers - Better hardware support for higher performance, including Intel Xeon 5500 series (known as Nehalem) and AMD Six-Core Opteron “Istanbul”-based processors
· Updated OCFS2 1.4 Cluster File System - Sparse file support in OCFS2 1.4 enables significantly faster virtual machine provisioning and cloning, also allows users more control over data allocation, improving performance and storage efficiency
· Importing Block Devices as Shared Virtual Disks - Block devices can be assigned to virtual machines, greatly improving performance of applications such as Oracle Real Application Cluster (RAC)
· Virtual CPU Scheduling Priorities and Caps per VM - Control access to CPU between multiple VMs to align with IT/business priorities
· Server Pool Master Auto-failover - Maximize the availability of Oracle VM management features including live migration, VM life-cycle management, and HA functions
· Virtual Machine Tree View - Gets a better view of the Oracle VM environment at-a-glance and to ease operation
· Changing the Group to which a Virtual Machine belongs - Saves time and space and improves ease of use
· Improved Shared Storage and Cluster Configuration - Provide new configuration script to streamline the shared storage and cluster setup, reducing setup complexity
· Placing a Server in Maintenance Mode - Better serviceability, prevents server from actively hosting VMs during maintenance
· Improved Logging  - Enables easier audit support and troubleshooting of Oracle VM Manager operations
· Importing VHD Disk Images - Ease of migration from Virtual Iron, Citrix or Microsoft to Oracle VM in addition to the existing virtual disk image conversion from VMware
· Virtual CPU Scheduling Priorities and Caps per VM - Control access to CPU between multiple VMs to align with IT/business priorities
· New dm-nfs Enhancement – “dm-nfs” provides loopback-style emulation for a block device using a regular file as backing storage, which resides on a remote system and is accessed via the NFS protocol. In Oracle VM 2.2, it has been upgraded to use asynchronous and direct I/O for better performance
· Secure VNC Access - Changes in the underlying Xen implementation enable secure and authenticated communication with a guest’s VNC console
Conclusion
Oracle VM Templates are the fastest, easiest and lowest risk way to deploy software and solutions based on Oracle products, providing many benefits.
Benefits to Users: 

· Rapid product evaluation without requiring extensive time researching or performing complex installation and configuration tasks just to get up and running.
· Significantly lower risk of a mistake based on a missed dependency or component. 

· Licensed for production: go straight to production with the same instance you have tweaked as part of your trial. 

· Does not alter existing software maintenance operations procedures for updating or maintaining software in production. 

Benefits to Solution Providers and Internal Developers: 

· Create complete enterprise software solutions encapsulating your best practices and software for free re-distribution without a contract from Oracle.
· Leverage the most complete enterprise technology stack including Oracle Enterprise Linux JeOS, server virtualization, and, optionally, Oracle Database XE with Oracle Application Express for powerful application development to create a total solution backed by Oracle. 
Glossary Of Terms

· Domain - configurable set of resources, including memory, virtual CPUs, network devices and disk devices, in which virtual machines run. A domain is granted virtual resources and can be started, stopped and restarted independently.

· dom0 - abbreviation for domain zero. The management domain with privileged access to the hardware and device drivers. Dom0 is the first domain started by the Oracle VM Server at boot time. Dom0 has more privileges than domU. It can access the hardware directly and can manage the device drivers for other domains. It can also start new domains.

· domU - unprivileged domain with no direct access to the hardware or device drivers. Each domU is started by Oracle VM Server in dom0. The xm command-line tool is used to interact with each domU.

· Guest - operating system that runs within a domain in Oracle VM Server. A guest may be paravirtualized or hardware virtualized. Multiple guests can run on the same Oracle VM Server.

· Hardware virtualized machine - A virtual machine with an unmodified guest operating system. It is not recompiled for the virtual environment. There may be substantial performance penalties running as a hardware virtualized guest. Enables Microsoft Windows operating system to be run, and legacy operating systems. Hardware virtualization is only available on Intel VT or AMD SVM CPUs.

· Host computer - physical computer on which Oracle VM Server is installed.

· Hypervisor - monitor, or Virtual Machine Manager (VMM). It is the only fully privileged entity in the system. It controls only the most basic resources of the system, including CPU and memory usage, privilege checks, and hardware interrupts.

· Oracle VM Agent - application installed with Oracle VM Server. It communicates with Oracle VM Manager for management of virtual machines. Oracle VM Manager manages the virtual machines running on Oracle VM Server by communicating with Oracle VM Agent. It contains three components: Server Pool Master, Utility Server, and Virtual Machine Server.

· Oracle VM Server - self-contained virtualization environment designed to provide a lightweight, secure, server-based platform for running virtual machines. Oracle VM Server is based upon an updated version of the Xen hypervisor technology. Includes Oracle VM Agent to enable communication with Oracle VM Manager.

· Oracle VM Manager - user interface, which is a standard ADF (Application Development Framework) web application, to manage Oracle VM Server pools. Manages virtual machine lifecycle, including creating virtual machines from templates or from installation media, deleting, powering off, uploading, deployment and live migration of virtual machines. Manages resources including ISO files, templates and shared virtual disks. Also provides an API via a web service to Oracle VM Server.

· Paravirtualized machine - virtual machine with a kernel that is recompiled to be made aware of the virtual environment. Runs at near native speed, with memory, disk and network access optimized for maximum performance.

· Preferred Server - Virtual Machine Server that provides resources such as memory, CPU, network interface cards (NICs), and disk to the virtual machine. If you select only one Virtual Machine Server as the preferred server, the virtual machine always starts from and runs on this server. If you select multiple preferred servers, each time the virtual machine starts, it runs on the machine with the maximum available resources.

· QEMU - referred to as qemu-dm, which is the process name. The virtualization process which allows full virtualization of a PC system within another PC system.

· Server Pool - Logically an autonomous region that contains one or more physical Oracle VM Servers. Presents a unified view of the storage where the virtual machines reside, and groups the users of these virtual machines into a single community called a group, in which each user is a server pool member.

· Server Pool Master - component of Oracle VM Agent. An application that acts as the contact point to Oracle VM Manager, and to other Oracle VM Agents. Provides virtual machine host load-balancing, and local persistency for Oracle VM Server. There is only one Server Pool Master in a server pool. A physical server can perform as the Server Pool Master, Utility Server and Virtual Machine Server simultaneously.

· Utility Server - component of Oracle VM Agent. An application that handles I/O intensive operations for virtual machines, server pools and servers, for example, copying, moving and renaming files. There can be more than one Utility Server in a server pool. A physical server can perform as the Server Pool Master, Utility Server and Virtual Machine Server simultaneously.

· Vif - virtual network interface for bridging network interfaces between domUs and dom0. When a domU is started it is assigned a number. This number is used to bridge the network interface from ethn to vifn.0.

· Virtual disk - A file or set of files, usually on the host file system although it may also be a remote file system, that appears as a physical disk drive to the guest operating system.

· Virtual Machine (VM) - A guest operating system and the associated application software that runs within Oracle VM Server. May be paravirtualized or hardware virtualized machines. Multiple virtual machines can run on the same Oracle VM Server.

· Virtual Machine Server - component of Oracle VM Agent. An application which runs Oracle VM Server virtual machines. It can start and stop virtual machines, and collect performance data for the host and guest operating systems. Enables communication between the Server Pool Master, Utility Server and Virtual Machine Servers. There can be more than one Virtual Machine Server in a server pool. A physical server can perform as the Server Pool Master, Utility Server and Virtual Machine Server simultaneously.

· Virtual Machine Template - Contains basic configuration information such as the number of CPUs, memory size, hard disk size, and network interface card (NIC). Create virtual machines based on a virtual machine template using Oracle VM Manager.

· Xen - The Xen hypervisor is a small, lightweight, software virtual machine monitor, for x86-compatible computers. The Xen hypervisor securely executes multiple virtual machines on one physical system. Each virtual machine has its own guest operating system with almost native performance. The Xen hypervisor was originally created by researchers at Cambridge University, and derived from work done on the Linux kernel.
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